Inhibition of jack bean activity by 2,5-dichloro-1,4-benzoquinone (DCBQ) was studied in phosphate buffer, pH 7.0. It was found that DCBQ acted as a strong, time and concentration dependent inactivator of urease. Under the experimental conditions obeyed the terms of pseudo-first-order reaction, urease was totally inactivated. Application of Wilson-Kitz method proved that the urease-DCBQ interaction followed a simple bimolecular process and the presence of intermediate complex was undetectable. The determined second order rate constant of the inactivation was 0.053 (μM min) -1 . Thiols such as l-cysteine, glutathione and dithiothreitol (DTT) protected urease from inhibition by DCBQ but DCBQmodified urease did not regain its activity after DTT application. The thiol protective studies indicated an essential role of urease thiol(s) in the inhibition. The irreversibility of the inactivation showed that the process was a result of a direct modification of urease thiol(s) by DCBQ (DCBQ chlorine(s) substitution). The decomposition of DCBQ in aqueous solution at natural light exposure was monitored by visible spectrophotometry, determination of the total reducing capacity (Folin-Ciocalteu method) and DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging ability. The DCBQ conversion resulted in a decrease of the inhibition power and was well correlated with the increase of the total reducing capacity and DPPH scavenging ability. These findings were attributed to DCBQ transformation by photolysis and the hydrolysis effect was found to be negligible.
InTRoDUCTIon
Urease (urea amidohydrolase, EC 3.5.1.5) is a ubiquitous enzyme catalyzing the hydrolysis of urea: CO(NH 2 ) 2 +H 2 O urease 2NH 3 +CO 2 . The sources of the enzyme are plants, algae, fungi and bacteria (Mobley & Hausinger, 1989; Sirko & Brodzik, 2000; Krajewska, 2009) . The best known urease is that obtained from jack bean seeds. Jack bean urease is a homohexamer (alpha 6 ). Its active site contains two nickel ions directly involved in binding of substrates and inhibitors (Karplus & Pearson, 1997; Benini et al., 1999) . Moreover, the urease catalytic activity strongly depends on its thiol residues. The total number of thiol groups is 15 per subunit. One of them, cysteine-592, is located on a mobile flap closing the active site of urease. Chemical modification of cysteine-592 results in inactivation of the enzyme (Mamiya et al., 1985; Norris & Brocklehurst, 1976) . Therefore, numerous of sulphide compounds as well as thiol-reactive reagents display inhibitory effect on urease (Mobley & Hausinger, 1989; Kot et al., 2000; Kot & Bicz, 2008) . Urease is subject of numerous medicinal, agricultural and environmental studies. Many of them focus on the prevention of the harmful urease activity for human and animal health. The aim of these investigations is a search for effective urease inhibitors. The interesting group of chemicals examined in terms of blocking the enzyme activity are quinones (Bundy & Bremner, 1973; Ashiralieva & Kleiner, 2003; Zaborska et al., 2007) . Quinones are compounds of wide occurrence in nature thus they can be obtained from natural sources. 5-hydroxy-1,4-naphthoquinone (juglone) is a brown dye isolated from fruits, shells and leaves of walnut trees (Juglans). The main source of 2-hydroxy-1,4-naphthoquinone (lawsone) is the henna herb (Lawsonia inermis L.). 1,2-dihydroxyanthraquinone (alizarin) occurs in the root of the common madder (Rubia tinctorum) and in various parts of Indian madder (Rubia cordifolia) (Dweek, 2002; Briton, 2006) . Vitamin K group posses the 2-methyl-1,4-naphthoquinone structure. In biological systems quinones act mainly as electron carriers in photosynthetic and respiratory electron transport chains. Another feature that makes quinones promising inhibitors is their high reactivity. Quinones are electrophiles and therefore can covalently modify of cellular nucleophiles such as glutathione or cysteine residues. Moreover, some quinones are potent redox molecules. They act as catalysts in the production of ROS (reactive oxygen species) such as superoxide anion radicals, hydrogen peroxide and hydroxyl radicals (Bolton et al., 2000; Rodriguez et al., 2005) . ROS are responsible for damage of macromolecules. This diversity of quinone mechanisms broadens the target of their action. Some quinones act accordingly to one of two possible ways, others are thought to display both mechanisms simultaneously (Zaborska et al., 2007; 2009) . On the other hand, the high reactivity of quinones results in their low resistance to chemical deterioration mainly due to hydrolysis and photolysis (Ononye et al., 1986; Sarr et al., 1995) . Extensive investigations have already resulted in finding potent inhibitors among quinones e.g. chloranil (tetrachloro-1,4-benzoquinone) and dichlone (2,3-dichloro-1,4-naphthoquinone) which are the most frequently used fungicides (Lukens, 1971) .
The purpose of this work was to study a less known urease inhibitor 2,5-dichloro-1,4-benzoquinone (DCBQ) and elucidate the kinetics and mechanism of urease inhibition by DCBQ. An influence of DCBQ decomposition in aqueous solution on the urease inhibition was observed. The process was studied by monitoring changes in visible spectra, total reducing capacity and DPPH scavenging activity measurements. Photoinduced quinone decomposition is still a subject of investigations. The elucidation of this process should be accompanied by the research presenting the influence of the quinone decomposition on nature, especially if quinone is implemented intentionally into the environment (e.g. as a fungicide). Furthermore, understanding degradation of quinones as toxic compounds may have implications for waste treatment.
MATeRIAls AnD MeTHoDs
Materials. Jack bean urease, Sigma type III, specific activity 16 U mg -1 solid, urea (Molecular Biology Reagent), 2,5-dichloro-1,4-benzoquinone (DCBQ), dithiothreitol (DTT), l-cysteine, glutathione and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were obtained from Aldrich. Folin-Ciocalteu phenol reagent, 2N was from SigmaAldrich. Other chemicals were obtained from POCh, Gliwice, Poland. All reagents used were of analytical grade. Phosphate buffer 20 mM, pH 7.0, was prepared by adjusting pH of phosphoric(V) acid with NaOH. EDTA (2 mM) was added to all enzyme-containing solutions.
DCBQ stock solution. DCBQ stock solution was obtained by dissolving DCBQ in distilled water. Its concentration was equal to 1.9 mM. Less concentrated solutions of 0.95 mM and 12.8 µM were prepared by dilution of the initial solution. All stock solutions were stored at ambient temperature and exposured to natural sun light. Control stock solution was stored in the dark, at 5 °C. Changes of the stock solutions were monitored for 288 h. The time when the stock solutions were prepared was pointed as zero time. Kinetic studies used DCBQ solution prepared just before the experiment.
Standard urease activity assay. The standard assay mixture (10 cm 3 ) consisted of 50 mM urea in 20 mM phosphate buffer, pH 7.0 and 2 mM EDTA. The reactions were initiated by the addition of 0.1 cm 3 enzymecontaining solution (1 mg cm -3 of urease, 20 mM phosphate buffer pH 7.0, 2 mM EDTA) and the urease activity was determined by measuring ammonia concentration after a 5-min reaction. Ammonia was determined by the spectrophotometric, phenol-hypochlorite method (Weatherburn, 1967) . The absorbance was registered in 1-cm quartz cuvette at 630 nm using a MARCEL MEDIA spectrophotometer. The measurements were performed at ambient temperature. The activity of uninhibited urease was taken as 100 %.
Urease inhibition by DCBQ. Kinetic studies. The solution of urease was incubated with the solution of DCBQ in the absence of urea. The incubation mixture contained 0.5 mg cm -3 of urease, 20 mM phosphate buffer, pH 7.0, 2 mM EDTA and 9.6, 6.4, 5.5 or 4.8 µM DCBQ. The time when the enzyme and the inhibitor were mixed was marked as zero time of incubation. After appropriate period of time, aliquots (0.2 cm 3 ) from the incubation mixture were withdrawn and transferred into the standard assay mixtures for urease activity determination.
Influence of DCBQ decomposition in aqueous solution on urease inhibition. The inhibitory power of DCBQ solution was tested for 288 h every 24 h or 48 h. DCBQ was incubated for 5 min with urease. The incubation mixture contained 0.5 mg cm -3 of urease, 20 mM phosphate buffer, pH 7.0, 2 mM EDTA and 6.4 µM DCBQ. After a 5-min incubation, aliquots (0.2 cm 3 ) from the incubation mixture were withdrawn and transferred into the standard assay mixtures for urease activity determination. Control experiments were done using stock DCBQ solution stored in the dark, 5 °C.
Thiol protective experiment. In the protective experiment, all the preincubation mixtures contained 0.5 mg cm -3 urease, 20 mM phosphate buffer, pH 7.0, 2 mM EDTA, 9.6 µM DCBQ (freshly prepared) and 0.25 mM thiol: dithiothreitol (DTT), l-cysteine or glutathione. The mixture was incubated for 5 min. After incubation a sample of the preincubation mixture (0.2 cm 3 ) was withdrawn and transferred into the standard assay mixture for urease activity determination.
Reactivation of urease inactivated by DCBQ. The reactivation of DCBQ-inactivated urease was studied by DTT application. The incubation mixture contained 0.5 mg cm -3 urease, 9.6 μM DCBQ (freshly prepared), 20 mM phosphate buffer, pH 7.0. After a 5-min incubation of urease with the inhibitor, a small volume of DTT solution was added to 50 μM. The activity of urease was determined before and after the DTT addition. After appropriate periods of time, samples of the incubation mixture were withdrawn and transferred into the standard assay mixture and urease activity was determined. The experiment was three times repeated. The effect of DTT addition was also tested for shorter incubation time (1 and 2-min incubation).
Monitoring of DCBQ decomposition in aqueous solution. Visible spectra. Spectra of 1.9-mM DCBQ aqueous stock solution stored at ambient temperature and exposured to natural light were recorded in the wavelength range 400-700 nm in 5-cm quartz cuvette on a MARCEL MEDIA spectrophotometer. The stock solution was monitored for 288 h. Control spectra were recorded for the stock solution stored in the dark, 5 °C.
Determination of total reducing capacity with Folin-Ciocalteu reagent. Folin-Ciocalteu reagent contains a mixture of phosphomolybdic and phosphotungstic acid complexes. The reagent reacts with phenols and nonphenolic reducing substances and forms chromogens which can be detected spectrophotometrically. The measured absorbance corresponds to the total reducing capacity. The total reducing capacity was determined in 1.9 and 0.95 mM DCBQ aqueous solution stored at ambient temperature and exposured to natural light. Folin-Ciocalteu reagent (10 fold diluted in distilled water) was mixed with H 2 O and DCBQ stock solution in the volume ratio 10 : 5 : 1, respectively. After a 3-min incubation 1 cm 3 of 20 % Na 2 CO 3 was added and after further 15 min the absorbance was recorded in 1-cm quartz cuvette at 730 nm using a MARCEL MEDIA spectrophotometer (Singleton et al., 1999) . Control measurement was done for 1.9-mM DCBQ stock solution stored in the dark, 5 °C.
Determination of DPPH scavenging activity. DPPH scavenging activity assay is commonly used for antioxidant activity determination in biological material (Gow-Chin Yen et al., 2002; Ting Sun et al., 2007) . Here, this method was used as a modified procedure for an aqueous-ethanolic system. DPPH scavenging activity of 1.9 and 0.95-mM DCBQ solution, respectively was tested for 288 h. DPPH scavenging activity was determined by the reduction of DPPH in aqueous-ethanolic system. Ethanolic solution (1 cm 3 ) of 0.3 mM DPPH was mixed with 1 cm 3 of water and 0.2 cm 3 of DCBQ solution. The decrease in absorbance in 1-cm quartz cuvette at 515 nm was measured in continuous mode for 26 min using a MARCEL MEDIA spectrophotometer. The radical scavenging ability towards DPPH was calculated from the following Eqn.:
% DPPH scavenging activity = ×100
A control indicates absorbance of the sample which instead of DCBQ solution contained equal volume of water.
Control measurement was done for 1.9-mM DCBQ stock solution stored in the dark, 5 °C.
ResUlTs AnD DIsCUssIon

Kinetics of urease inhibition by DCBQ
The inhibition progress curves as a dependence of the urease activity vs incubation time of urease with DCBQ are presented in Fig. 1 . DCBQ inhibited urease in a time and concentration-dependent manner. Under the experimental conditions obeyed terms of pseudo-first-order reaction (excess of inhibitor over enzyme) urease was completely inactivated. This type of inhibition curves allowed to the use of Kitz-Wilson Eqn. (Eqn. 1) for kinetics analysis (Kitz & Wilson, 1962; Silverman, 2002) :
where k app indicates a pseudo-first-order constant, K i corresponds to a dissociation constant of enzyme-inhibitor intermediate complex, c inhibitor indicates inhibitor concentration and k inact is the rate constant of inactive enzyme formation:
enzyme + inhibitor  enzyme-inhibitor inactive enzyme (2) Transformation of the inactivation data into semilogarithmic scale (Fig. 1, inset) revealed that the reaction followed monophasic, pseudo-first-order kinetics. Linearization of the progress curves was a good approximation for curves obtained at high inhibitor concentrations. The curves obtained at the lowest inhibitor concentration studied (4.8 µM) was linear until 30 % of urease activity remained. The double reciprocal plot of the pseudo-firstorder constant k app as a function of DCBQ concentration is presented in Fig. 2 . The system produced straight line passing through the origin (R 2 =0.99). This result indicated that inactivation expressed by Eqn. 2 in fact followed a simple bimolecular reaction:
The presence of intermediate complex urease-inactivator was undetectable because of the relatively fast inactivation compared with the urease-inactivator complex creation. The obtained second order rate constants k' (k'=k inact /K i ) was equal to 0.057 (μM min) -1 .
Mechanism of urease inactivation by DCBQ. Thiol protective and reactivation experiments
It was found that in the presence of 9.6 µM DCBQ urease was completely inactivated after a 5-min incubation (Fig. 1) . However, the presence of a thiol-protector such as L-cysteine, glutathione or dithiothreitol, at 0.25 mM completely prevented urease inactivation. This experiment indicated a crucial role of urease thiols (especially the active site cysteine residue) in the inhibition process. Chloroquinones are highly reactive towards nucleophiles hence DCBQ as the inhibitor follows the nucleophilic substitution with urease thiols (R-SH) according to Eqn. 4:
The process could lead to substitution of the subsequent chlorine. Such multisubstitution was observed for the urease inhibition by tetrachloro-1,4-benzoquinone (Zaborska et al., 2007) . The presence of the thiol-protector in the incubation system allowed DCBQ to react with thiols of two origins: the urease thiols and the "free" thiol-protector. This rises the question: why did DCBQ prefer reaction with the "free" thiols rather than with the urease thiols? The first reason was the ratio 
K i of the thiol-protector to the urease thiols. The thiolprotector was used in a great excess over the DCBQ concentration. The ratio of urease thiols to DCBQ was much lower advantageous. However, the more important reason was unequal accessibility of the urease thiols for the inhibitor because of their different catalytic functions and structural positions in the molecule. Norris & Brocklehurst (1976) determined the total thiol content in jack bean urease by 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) titration in the presence of 6 M guanidinum chloride. The experiment showed the presence of 15 thiol residues per enzyme subunit. However, only 6 of the 15 cysteines were accessible to the thiol reagent without denaturation of the enzyme. The difference in the quinones affinity towards various thiols was demonstrated in a previous article (Kot et al., 2010) for 2-hydroxy-1,4-naphthoquinone (lawsone). It was observed that lawsone reactivity with thiols followed the rule that the more complex thiol was, the less susceptible it was to the reaction. Lawsone showed an excellent reactivity with L-cysteine, much less with the tripeptide glutathione (γ-Glu-Cys-Gly) and hardly reacted with urease.
The reactivation of DCBQ-inactivated urease was carried out by DTT application. Urease was incubated with DCBQ until the activity of the enzyme decreased to 0.9 % (after a 5-min incubation), then DTT was added. Although DTT exhibited a protective effect on urease it failed to reverse the DCBQ inhibition (Fig. 3) . The experiment was repeated for shorter time of urease incubation with DCBQ (less inhibited urease): 1 and 2 min. The results for all trials were consistent: urease did not regain its activity.
The quinone-modified urease would be susceptible to DTT reactivation if the modification were a result of quinone-induced ROS action. ROS can oxidize the catalytic thiols to sulfenic and higher oxidized forms. Sulfenic acid can be reduced back to the initial thiol group by DTT (Rodriguez et al., 2005) . The DCBQ/urease system did not display such behaviour. This can be concluded as the lack of redox cycling contribution in DCBQ action on urease. Hence, the inactivation was caused by the direct substitution according to Eqn. 3. A similar mechanism was observed for tetrachloro-1,4-benzoquinone and tetrachloro-1,2-benzoquinone. These quinones inhibited urease also by the direct nucleophilic substitution irreversible in the presence of DTT (Kot et al., 2006) . A complex mechanism of urease inhibition was shown by another chlorosubstitued quinone: 2,3-dichloro-1,4-naphthoquinone. This inhibitor modified urease by both mechanisms: nucleophilic substitution and ROS influence that resulted in partial reversibility of the inhibition (Zaborska et al., 2009) .
DCBQ decomposition in aqueous solution
The decomposition of chlorosubstituted quinone in aqueous solution is an effect of at least two actions. The first one is hydrolysis. This process was well recognized for tetrachloro-1,4-benzoquinone (chloranil). In aqueous solution tetrachloro-1,4-benzoquinone undergoes two consecutive hydrolytic dechlorination reactions to yield chloranilic acid via the intermediate trichlorohydroxy-1,4-benzoquinone. The hydrolysis is supposed to occur also in less chlorinated quinones (Sarr et al., 1995) .
The next process responsible for transformation of quinone aqueous solution is photolysis. This process follows a complex mechanism which could be simplified to Eqn. 5:
The products of DCBQ photolysis are 2,5-dichlorohydroquinone (DCHQ) and 2,5-dichloro-3-hydroxy-1,4-benzoquinone (DC(OH)BQ) (Pochon et al., 2002) . DCHQ as a hydroquinone derivative could be considered as a redox couple for DCBQ. The visible evidence of the quinone photolysis in aqueous solution is its colour change.
Visible spectra of DCBQ aqueous solution
Absorption spectra of 1.9 mM DCBQ aqueous solution were registered for 288 h every 24 h or 48 h (at the beginning every few hours). Selected spectra are presented in Fig. 4 . The spectra revealed that the most considerable changes concerned a broad band at 530 nm. Until approximately 24 h, this band exhibited increasing trend which later was reversed to a slow decreasing tendency. The time progress of absorbance at 530 nm is shown in Fig. 5B . The band at 530 nm was attributed to 2,5-dichloro-3-hydroxy-1,4-benzoquinone (DC(OH) BQ) formation. Then DC(OH)BQ underwent dimeri- Figure 3 . Reactivation of DCBQ-inactivated urease by DTT addition. Activity of urease inactivated by DCBQ () and after DTT application (). Urease was incubated with 5.6 μM DCBQ. After a 5-min incubation DTT was added to 50 μM. The activity of urease was determined before and after the DTT addition. After appropriate periods of time, samples of incubation mixture were withdrawn and urease activity was determined.
(5) sation that caused a decrease of the band. The bands related to dimer of DC(OH)BQ, residual DCBQ and DCHQ were beyond the monitored wavelength range. These bands occupied coinciding region in the spectrum. Some evidence for the appearance of an increasing of an band below 400 nm was provided by the observation of increasing absorbance at the lower end of the spectra. Similar spectral changes assisted by HPLC identification were observed by Philipp et al. (1998) for resorcinol degradation.
The spectrum registered for the control DCBQ solution stored in the dark at low temperature did not exhibit any changes after 288 h. This leads to the conclusion that the observed evolution of the DCBQ spectra was due to photolysis. Sarr et al. (1995) observed that tetrachloro-1,4-benzoquinone hydrolysis was promoted by alkaline pH. The neutral pH of our DCBQ stock solution did not support the process. Therefore, the contribution of hydrolysis to the conversion of DCBQ aqueous solution was negligible.
Influence of DCBQ decomposition in aqueous solution on urease inhibition
The change of the urease activity vs age of the inhibitor solution is displayed in Fig. 5A . The loss of the DCBQ inhibitory power at the initial phase (approx. 48 h) was fast. This fast phase was followed by a very slow decrease of the inhibitory effect with a tendency to attain the constant level at the residual urease activity of approx. 85 %. The first period of the weakening of the DCBQ solution inhibitory strength was well correlated with formation of DC(OH)BQ (Fig. 5B ) that was associated with simultaneous decay of DCBQ in the system. The residual inhibitory power indicated that despite the photolysis DCBQ did not disappear totally. Therefore, urease was inhibited by app. 15 % at the end of the monitoring time. The photoproduct DCHQ is unlikely to cause inhibitory effect since hydroquinone was not inhibitory active against urease (Bundy & Bremner, 1973; Kot & Zaborska, 2003) . The next photoproduct DC(OH)BQ could slightly influence on urease activity because of the presence of hydroxysubstituent which significantly decreases the quinone inhibitory power (Bundy & Bremner, 1973) .
Influence of DCBQ decomposition in aqueous solution on total reducing capacity
The total reducing capacity was quantified as absorbance recorded with the use of spectrophotometric FolinCiocalteu method (more details in Materials and Methods). The change of the absorbance with the increasing age of DCBQ solution is presented in Fig. 5C . At the beginning, the absorbance increased significantly, later it remained constant. A similar course of the changes was found for both DCBQ concentrations studied. The progress of the absorbance corresponding to the total reducing capacity exhibited compatibility with the loss of DCBQ inhibitory power (Fig. 5A ) and formation of DC(OH)BQ (Fig. 5B) . According to Eqn. 4 the amount of photoproducts DC(OH)BQ and DCHQ were equal. DCHQ as a phenolic compound with a considerable reducing ability was considered to be the main compound responsible for the reducing capacity of the system.
Influence of DCBQ decomposition in aqueous solution on DPPH scavenging activity
The progress of DPPH radical scavenging activity vs age of DCBQ solution is depicted in Fig. 5D (DPPH radical scavenging activity is defined in Materials and Methods). The change of the DPPH scavenging activity was significantly more rapid during the first short period than in the following long one. The obtained results showed that for the beginning 48 h the DPPH scavenging activity increased by 25 % and 48 % in 0.95 and 1.9 mM DCBQ, respectively. The further 244 h resulted in the DPPH scavenging activity increase by 10 % and 45 % in 0.95 and 1.9 mM DCBQ, respectively. The curve for 1.9 mM DCBQ solution showed a gradual increase of the DPPH scavenging activity while at 0.95 mM the activity remained fairly constant after 48 h. The main reason of the DPPH scavenging activity of the converted DCBQ solution was DCHQ. This compound was also responsible for the total reducing capacity. Unfortunately, the results obtained by both methods (Folin-Ciocalteu and DPPH) were only partly correlated. This inconsistency should be explained with relation to the complex mechanism of DCBQ phototransformation. Addition of DPPH radical to the DCBQ system probably provoked additional transformation of DCBQ resulting in extra DPPH scavenging. Therefore, DPPH use in the DCBQ system has to be analysed with its limitation. On the other hand, the gradually increasing DPPH scavenging activity (in spite of the constant inhibitory power and the almost constant total reducing ability) can be considered as an evidence of the presence of unphotolised DCBQ in the system. The incomplete DCBQ photolysis explains the incomplete loss of inactivation ability.
DCBQ in relation to other quinone urease inhibitors
Among the benzoquinones which have already been studied as urease inhibitors 2,5-dichloro-1,4-benzoquinone is located in the sequence:
The sequence is arranged according to the increasing inhibitory power (Bundy & Bremner, 1973; Zaborska et al., 2002; Kot & Zaborska, 2006) . The order is based on the values of inhibition constants and the concentration range affecting urease. The sequence proves that chlorination increases the inhibitory effect. Interestingly, DCBQ and tetrachloro-1,4-benzoquinone showed different modes of urease inhibition. Tetrachloro-1,4-benzoquinone revealed a bi-phasic inhibition with two intermediate complexes (Kot & Zaborska, 2006; Zaborska et al., 2007) in contrast to DCBQ which showed a simple bimolecular inactivation (Eqn. 3). Both chlorobenzoquinones inhibited urease by the direct chlorine substitution with urease thiols (Eqn. 4). The higher chlorination of the tetrachloro-1,4-benzoquinone results in multiplication of the possible reactions: monochlorine substitution, multichlorine substitution with different enzyme molecules as well as with different thiols of that same enzyme molecule (quinone cross link) (Ommen et al., 1991; Ploemen et al., 1994) . The higher reactivity and the different reaction opportunities of tetrachloro-1,4-benzoquinone could be the reason for the distinction between these chlorobenzoquinones as urease inhibitors. The difference in the DCBQ and tetrachloro-1,4-benzoquinone action has already been observed in relation to rat glutathione S-transferase 1-1 (GST) (Ommen et al., 1991; Ploemen et al., 1994) . The effect of tetrachloro-1,4-benzoquinone was explained as an impact of non-specific reaction with GST thiol(s) and a specific modification of a catalytically involved residue.
ConClUsIons
DCBQ decomposition in aqueous solution results in a decrease of inhibitory ability and an increase of the total reducing activity as well as the DPPH scavenging activity. On the contrary to the light exposured DCBQ solution the DCBQ solution stored in the dark had its inhibitory strength as well as the total reducing activity and the DPPH scavenging activity unchanged. The lack of the conversion in the control DCBQ solution was also confirmed by unchanged visible spectrum. These findings indicate that the DCBQ conversion is through photolysis not hydrolysis. The progress of the DCBQ photolysis resulted in production of DCHQ and DC(OH) BQ. DCHQ as a phenolic compound was probably the main reducing agent in the system. Nevertheless, it was shown that the DCBQ photoproducts are less toxic than the parent compound which finding can have environmental significance. Moreover, since quinones are used as fungicides the obtained results could be helpful in their efficient dosage with respect to natural photodegradation. The findings may also have implications for waste treatment.
